Stable isotope and dental-microwear analysis are methods commonly used to reconstruct dietary habits in modern and ancient human populations. However, it is rare that they are both used together in the same study, and here both methods are combined to obtain information on human dietary habits from the site of Tossal de les Basses (Alicante, Spain) through time. Middle Neolithic, Late Roman and Medieval (Islamic) individuals have been analyzed for carbon and nitrogen stable isotope ratios of bone collagen, as well as for buccal-dental microwear. Overall, δ 13 C and δ
Introduction
Both stable isotope and dental-microwear studies are commonly used methods for past human dietary reconstructions (Larsen, 1997) . The application of these analytical techniques in Mediterranean Iberia has significantly increased during the past few years, creating an important corpus of dietary data from the region. Studies from the Palaeolithic (García-Guixé et al., 2009; Salazar-García et al., 2013a) , Mesolithic (Fernández-López de Pablo et al., 2013; García-Guixé et al., 2006; Salazar-García et al., 2014a) , Neolithic-Chalcolithic (Fontanals-Coll et al., 2015; Fuller et al., 2010; García-Borja et al., 2013; McClure et al., 2011; De Juan, 2004, 2007; Salazar-García, 2009 , 2011a , 2014 , Bronze Age (McClure et al., 2011; Polo-Cerdá et al., 2007; Romero and De Juan, 2007) , Iron Age (Salazar-García et al., 2010) , Punic Salazar-García, 2011b) , Roman and Medieval (Alexander et al., 2015; Fuller et al., 2010; Salazar-García et al., 2014b) periods have been performed in Mediterranean Iberia and the nearby island of Ibiza. However, to date only a few studies have had a wide diachronic approach to diet in Spain (see Fuller et al., 2010; Salazar-García et al., 2013b) .
On the other hand, stable carbon and nitrogen isotopes have also been used to elucidate skeletal stress indicators in ancient human remains (see Richards and Montgomery, 2012 ; for a review of cases studied). Nonetheless, in contrast to the information regarding the exploitation of plants and animals as potential food sources, the use of isotopic signatures does not allow to learn properly about specific diseases, because their link is not exclusively caused by diet (Katzenberg, 2012; Reitsema, 2013) . Specifically, isotopic data in ancient populations from Mediterranean Iberia are often presented in isolation from other complementary evidence such as skeletal or dental pathological conditions (e.g. Fernández-López de Pablo et al., 2013; Fontanals-Coll et al., 2015; McClure et al., 2011) , since these methods offer complementary but different insights into dietary reconstruction (Larsen, 1997; Hogue and Melsheimer, 2008) . Moreover, although early reports have combined isotopic signatures and occlusal-dental microwear in past human populations as a means of dietary reconstruction (Hogue and Melsheimer, 2008; Lillie and Richards, 2000) , this combined approach applied to buccal dental-microwear is still scarce (García-González et al., 2015) .
Here, carbon and nitrogen stable isotope and buccal dental-microwear analyses are integrated to assess dietary transitions from three chronological populations, dating from Neolithic to Medieval periods, recovered from the Tossal de les Basses site (Alicante, Spain).
The archaeological-historical context
The first archaeological evidence of Neolithic economic and technological activities in coastal Eastern Iberia (Catalonia and Valencia) are documented around 5600 cal BCE (Table 1 ). In this chronological context, the transition from the hunter-gatherer lifestyle to a farmingherding one is associated with a coastal demic diffusion process (Zilhão, 2001) . The choice of the areas where the earliest farmers settled often corresponds to places where there is no presence of late huntergatherers (Martí et al., 2009) . Furthermore, there is no clear evidence of Mesolithic groups adopting agriculture or herding practices in the Valencian Country (Fernández-López de Pablo et al., 2013) , nor in Catalonia (Morales and Oms, 2012) .
Early farming groups that settled in Eastern Iberia are grouped with the so-called Impressed Ware cultures of the Western Mediterranean, more specifically the "cardial" phase (Martí and Juan-Cabanilles, 2014) . The start of the Middle Neolithic period is contemporary with the end of the cardial period, and resulted in important changes that go beyond the mere disappearance of the pottery decoration technique. New agrarian and herding models aimed at the increasing production are developed then (Pérez Jordà and Peña Chocarro, 2013) , resulting in changes in the habitat structures and the new use of caves (Badal et al., 2012) . These changes were consolidated during the Late Neolithic and Chalcolithic periods (Bernabeu and Orozco, 2014) , resulting in settlements increasing in size whose main feature is the high occurrence of silos purportedly for grain storage. This changes again in the Bronze Age when the population is divided into small groups and occupies wider extensions of territory including high altitude areas (Hernández and Hernández, 2004) .
In addition, commercial contacts start increasing in the region in the Bronze Age. These commercial networks are mainly based in the Mediterranean, and finally resulted in the establishment of Phoenician (Valencian Country and Ibiza) and Greek (Catalonia) colonies whose interaction with local peoples led to the formation of the Iberic Iron Age Culture (Ruiz and Molinos, 1993; Knapp and Van Dommelen, 2015) . This Iron Age culture had an important presence in Eastern Iberia and actively participated in the historical and economical processes of the Western Mediterranean at this time (Vives-Ferrándiz, 2008) . A good example of this is the participation in the Second Punic War by the Iberic Iron Age People, which resulted in the progressive integration of the Roman Republic within their cities and villages between the 6th and 2nd centuries BCE (Aranegui et al., 1998) .
From this period onwards, the Mediterranean coast became part of Roman Hispania, and the history of its territories was closely linked to those of Rome (Tovar and Blázquez, 1997; Arce Martínez et al., 2007) . After the beginning of the disintegration of the Western Roman Empire in 409 CE, a convulsive period marked by the arrival of the Visigoths started. This resulted in the formation of the Visigoth Kingdom of Toledo, which consolidated its influence on Eastern Iberia during the 6th century CE, regardless of the constant battle clashes in its coastal territories with Byzantine troops (García-Moreno, 1989; Vizcaíno-Sánchez, 2007) . The old political map of ancient Hispania finally collapsed from 711 CE onwards with the arrival of new troops from the North-African coasts. These people crossed the Gibraltar Strait and conquered most of the Iberian Peninsula, which became known as Al-Andalus under Islamic rule (González-Ferrín, 2007) .
Meanwhile, in northeast Iberia during the 10th century CE the consolidation of the Kingdom of Aragón and the County of Barcelona occurred. The union of both in 1164 with the coronation of Alfonso II of Aragón resulted in the emergence of the so-called Crown of Aragón (Belenguer, 2007) . This political entity expanded progressively towards the south by occupying Islamic territory. During the first half of the 13th century CE, King Jaume I conquered the Kingdoms of Valencia and Mallorca and incorporated them into the Crown of Aragón. These two territories retained certain independence after being granted royal privileges that were only removed in 1707 CE. After this conquest, the Islamic population was integrated in the Christian feudal lifestyle until their final expulsion in 1609 CE (Furió, 2001 ).
The site studied: Tossal de les Basses
The archaeological site of Tossal de les Basses is located on a wetland north of the city of Alicante (Spain), along the coastline (Fig. 1) . Several excavations have revealed human occupation from different chronological periods: Middle and Late Neolithic, Iberian Iron Age, Republican and Late Roman, Medieval (Islamic and Christian), and Modern periods (Rosser, 2012; Rosser and Fuentes, 2007) . This long history of occupation makes Tossal de les Basses an invaluable place for investigating changes in dietary behavior through time.
The first evidence of human presence found at Tossal de les Basses has been dated to the Neolithic period, between ca. 4900-3500 cal BCE (Rosser, 2010) . These early remains are those of a village and include huts with a circular layout, pits, ditches, hearths and basins. Close to the domestic space and outside the huts, 15 human scattered burials have been found (Rosser, 2010) . The bodies were interred individually in shallow circular pits in a lateral decubitus position. Some of these burials include grave goods such as beads, shells or pots placed besides the head.
The Roman occupation phase at the site is divided into two different periods. The oldest one is associated with a series of villae established at Tossal de les Basses as a result of the increasing importance that the nearby city of Lucentum acquired at the time (it had the juridical rank of municipium since the last quarter of the 1st century BCE). Secondly, the most recent Roman occupation phase corresponds to the 6th-7th century CE necropolis found with hundreds of inhumations. The bodies where individually buried in rectangular graves covered by stone blocks. Most of these bodies were found without grave goods (Rosser and Fuentes, 2007) . Just besides this Late Roman necropolis, several burials with special characteristics appear. Although sharing morphology and area with the Late Roman ones, the bodies buried in these ones follow the Muslim ritual with body in lateral decubitus position with the heads facing towards Mecca. The chronology proposed for these Islamic inhumations is from the 8th to 9th centuries CE (Laguillo et al., 2009 ).
Stable isotopes and buccal-microwear in dietary reconstructions
The isotopic composition of the food eaten by both animals and humans is recorded in their body tissues after a predictable isotope fractionation, and is the main principle on which carbon and nitrogen stable isotope studies are based (e.g. Lee-Thorp, 2008; Schoeller, 1999) . For these analyses bone collagen is usually the preferred substrate, mainly because it is the only considerable nitrogen source from skeletal remains (Salazar-García et al., 2014b) and has accepted quality indicators that can easily assess its isotopic integrity (De Niro, 1985; Van Klinken, 1999) . Stable isotope ratios in bone collagen reflect the average isotopic signals of the main dietary protein sources consumed several years prior to death . The δ 13 C stable isotope ratio distinguishes the consumption of C 3
(lower values) and C 4 (higher values) terrestrial resources (Van der Merwe and Vogel, 1978) . Isotopic signals also help define the input in the diet of terrestrial (lower values) and marine (higher values) foods (Chisholm et al., 1982) , although interpretation of δ
13
C values becomes more complicated if involving freshwater or estuarine fish (SalazarGarcía et al., 2014a). Parallel to this, the δ 15 N stable isotope ratio increases by 3-5‰ up the food-chain with each trophic level, and is usually used to indicate the position of an organism in the food chain (Minagawa and Wada, 1984) . Based on the exact values of the nitrogen ratio, it is potentially possible to differentiate between individuals that consumed more animal resources from those who consumed very little animal proteins (Fahy et al., 2013) , even if this quantification is less straightforward than previously thought (Hedges and Reynard, 2007) . Furthermore, the fact that aquatic food chains tend to contain more trophic levels than terrestrial ones helps carbon isotope ratios to discriminate between the consumption of marine or C 4 terrestrial foods when samples are 13 C enriched (Schoeninger and De Niro, 1984) . However, this type of analysis on bone collagen has some methodological limitations: it gives information only on protein consumption, and refers to the average of the last years of life of the individual (Katzenberg, 2012) .
Buccal dental-microwear refers to microscopic-scale tooth wear on non-occlusal enamel surfaces of premolar and molar teeth (Pérez-Pérez et al., 1994; . Microscopic enamel damage in the form of scratches of different length is directly related to contact with food abrasive objects harder than enamel such as opal phytoliths or grit contaminants during chewing (Pérez-Pérez et al., 1994; . Experimental in vivo reports have recently shown that the teeth of humans who ate soft foods have fewer microwear features than those individuals consuming an induced-abrasive diet . Therefore, dietary abrasiveness plays an important role in tooth-microwear formation processes. However, buccal microwear patterns reflect the physical properties of chewed foodstuffs and long-term trends in dietary preferences (Pérez-Pérez et al., 1994; but not the type of foods ingested .
Studies in human populations have shown that intragroup buccalmicrowear variation seems to be less significant than inter-individual and inter-group variability (Pérez-Pérez et al., 1994; Lalueza et al., 1996; Romero and De Juan, 2007) , since the amount and physical properties of abrasive particles in the diet determine the microwear formation rates (Gügel et al., 2001; Romero et al., , 2013 . For example, farming groups that eat more abrasive items (e.g. milled cereals) mostly show high microwear density values De Juan, 2007, 2012) . Foragers consuming large amounts of meat and non-abrasive plant materials show lower scratch density values on buccal enamel surfaces (Lalueza et al., 1996; Polo-Cerdá et al., 2007; Romero et al., 2013) . Nonetheless, microwear models and selected human groups for comparison are still necessary, since little is known about how buccal-microwear reflects cultural and ecological factors among populations that inhabit similar environmental conditions. By combining both carbon and nitrogen isotopes and dentalmicrowear techniques, here we record the complex interaction by the types of food consumed and their texture from the diachronic populations documented at the Tossal de les Basses site. We aim to obtain a more finegrained approach of dietary reconstruction among ancient human groups, with special attention to those dietary changes that occur between prehistoric and historic periods in the Iberian Peninsula.
Material and methods

Human skeletal sample
In this study, archaeological human skeletal samples (n = 85) were selected from the Tossal de les Basses excavated site (Rosser and Fuentes, 2007) . This project focused only on adult individuals (≥18 years). Individual age and sex was estimated based on both nonmetric and metric physical-anthropological methods, using a combination of cranial and post-cranial information when available, and following internationally recognized standards (Buikstra and Ubelaker, 1994; Murail et al., 2005; Schmitt, 2005) .
Bone samples from a total of 61 individuals from all time periods available at Tossal de les Basses were sampled for isotope analysis. The samples correspond to 11 individuals from the Middle Neolithic period, 36 from the Late Roman period, and 14 from the Medieval period. Bone samples selected were mainly ribs, except in those few cases in which they were not available or because their provenance was unclear, in which case identified long bones or skull fragments were sampled.
Buccal-microwear data were collected from a total of 40 individuals of the Middle Neolithic (n = 8), Late Roman (n = 26), and Medieval (n = 6) chronological periods. One tooth per individual, preferably in situ mandibular fourth premolar (P 4 ) or first molar (M 1 ) teeth, were selected (Pérez-Pérez et al., 1994; Lalueza et al., 1996) . The use of mandibular premolar or molar teeth with the best microwear preservation is a common procedure used for the purpose of comparing buccal-microwear among groups (Lalueza et al., 1996; . Early reports indicate no significant differences between these teeth in microwear density and length variables in forager (Lalueza et al., 1996) or agriculturalist (Pérez-Pérez et al., 1994) populations.
CN isotope analysis
Collagen extraction for C and N isotope analysis proceeded following methods outlined in Richards and Hedges (1999) . Whole bone fragments weighing ca. 300 mg obtained from each of the fragments were demineralized in 0.5 M HCl solution at 5°C over the course of one week, and were then rinsed three times with deionized water until the pH became neutral. This was followed by gelatinization over 48 h at 70°C, and then filtering and ultrafiltering using a 50-90 μm EZEE© filters, and previously cleaned N30 kDa Amicon© ultrafilters, respectively. The purified solutions were frozen and lyophilized before being weighed into tin capsules and loaded onto the mass spectrometers.
The carbon and nitrogen isotope ratios in collagen were measured in duplicate, using a Delta XP continuous-flow isotope ratio mass spectrometer interfaced with an elemental analyzer, Flash EA 2112 (ThermoFinnigan©, Bremen, Germany), at the MPI-EVA (Leipzig, Germany). Stable carbon isotope ratios were expressed relative to the VPDB scale (Vienna PeeDee Belemnite) and stable nitrogen isotope ratios were measured relative to the AIR scale (atmospheric N 2 ), using the delta notation (δ) in parts per thousand (‰). Repeated analysis of internal and international standards determined an analytical error better than 0.2‰ (1σ) for δ 13 C and δ 15 N. Although no animal remains were available from the chronological periods associated with the human remains studied at Tossal de les Basses, we used faunal data from other sites of Eastern Iberia and Ibiza for the Middle-Late Neolithic (Fontanals-Coll et al., 2015; Salazar-García, 2009 , 2011a , 2014 , Roman Salazar-García et al., 2010) and Medieval (Alexander et al., 2015; Fuller et al., 2010) periods. Animal isotopic values were grouped together as ovicaprid, suid, bovid, equid, cervid, rabbit, small carnivore, dogs, cat, bird, shark and whale.
Analysis of buccal-microwear
High-resolution replicas from the selected teeth were made following established procedures (Galbany et al., 2006) . Tooth crowns were cleaned with cotton swabs soaked with ethyl alcohol and distilled water, and later air-dried. Dental impressions were made using President microSystem Regular body (Coltène-Whaledent®) polyvinylsiloxane, and resulting replicas were produced using epoxy polymer (Araldite® 2020, Vantico Ltd.) and hardener. The sample analyzed included only replicas examined under light microscopy (50 ×) that showed well-preserved enamel with ante-mortem microwear features . Trampling processes are generally easily detected on buccal-enamel surfaces . Previous studies have demonstrated that post-mortem effects produce micro-damages that are clearly different to ante-mortem microwear affecting tooth surfaces through food abrasive particles ingested De Juan, 2004, 2007) .
All replicas were then mounted on aluminum stubs, coated with ã 15-nm layer of gold-palladium, and analyzed using Scanning Electron Microscopy (SEM) using an Hitachi S3000N SEM. Micrographs (1280 × 960 pixels) were taken at 100× magnification in the middle third of the buccal tooth surfaces, automatic level adjusted and cropped with Adobe Photoshop™ to cover exactly 0.56 mm 2 (Galbany et al., 2005) . Scratch density (NT) and average length (XT) (in micrometers, μm) of all observed lineal scratches N 10 μm were recorded and measured for each micrograph with Sigma Scan ProV SPSS™ (Galbany et al., 2005) .
Statistical analysis
Given the small sizes of some chronological groups, data were normalized by rank-transformation to mitigate effects of non-colinearity of variable distribution and heteroscedasticity (Conover and Iman, 1981; Romero et al., 2013) . All the variables studied passed Kolmogorov-Smirnov normality tests for both microwear (Z = 0.42 to 0.49; P N 0.05) and isotopic values (Z = 0.88 to 1.01; P N 0.05).
Age and sex-related changes were not taken into account, especially since this study is limited to adult individuals ranging from between approximately age 18 to 50, and because of the high number of individuals where sex was not determined. Likewise, early reports have shown that neither age (young adult or adult age groups) nor sex-related differences in buccal scratch patterns are detectable (Lalueza et al., 1996; Pérez-Pérez et al., 1994; Romero and De Juan, 2007) . Moreover, regarding isotopic signals, sex differences, where identified, may actually reflect differing patterns and levels of male and female mobility rather than diet (Müldner, 2013) .
Single classification of variance (ANOVA) and paired comparisons using Tukey's Honest Significant Difference test (Tukey's HSD) were performed to check inter-population differences in microwear patterns. Finally, an Analysis of Covariance (ANCOVA) and Reduced Major Axis (RMA) regressions were used as needed to analyze the isotopicmicrowear interaction and differences among chronological periods. Descriptive and statistical analyses at the α = 0.05 significance level were conducted using Addinsoft™ XLSTAT-3.02.
Results
Stable isotope analysis
The carbon and nitrogen stable isotope ratio results for the humans from Tossal de les Basses are presented in Table 2 and illustrated in Fig. 2 . All human samples yielded sufficient collagen in the N 30 kDa fraction for analysis in duplicate, except samples 11,350 (10-30 kDa fraction used) and 11,371 (b10 kDa fraction used). All of them met published collagen quality controls (i.e. C:N ratio between 2.9 and 3. 6 -De Niro, 1985; Van Klinken, 1999) (Table 2) . All humans from the Middle Neolithic period (n = 12) have δ 
Buccal-microwear pattern
Buccal-microwear results for the populations analyzed are provided in Table 3 and Fig. 3 . Significant statistical differences among groups in microwear pattern were found (ANOVA; P b 0.05). When comparisons are made across the three groups, we found that the buccal-microwear of the Neolithic and Medieval populations is characterized by a high density of small microwear features, indicative of a more abrasive diet than that of Late Roman individuals (Table 3 and Fig. 3a) . Moreover, buccal-microwear for the Neolithic individuals is comparable to the Medieval sample. No significant differences (Tukey's HSD; P N 0.05) were found in scratch density (NT) and length (XT) signatures between these populations. However, Late Roman individuals were found to have a significantly lower number of microwear features larger in size (Tukey's HSD; P b 0.001) compared to Neolithic and Medieval human groups (Table 3 and Fig. 3b ).
Isotope and microwear comparison
Analysis of temporal variation in stable isotope ratios from bone collagen (δ 13 C and δ 15 N) and buccal-microwear (NT and XT) patterns in Tossal de les Basses reveals no significant trends over time (RMA regressions P N 0.05). However, we found significant correlation coefficients (Spearman's Rho 0.544; P = 0.03; n = 16) between δ 15 N and scratch density (NT) for individuals by sites that showed both type of dietary signals. This data indicate that microwear features tend to increase 
Discussion and conclusions
Isotopic data from bone collagen and microwear patterns on buccal tooth enamel surfaces are rarely combined to examine diet in past human populations (García-González et al., 2015) . Our findings show that both methods bring complementary data together, providing a novel way to explore dietary history among populations. The nature of the information obtained from both techniques concerns types of foods eaten and their properties. They show a complex data set that illustrates diversity in both dietary and diachronic trends in food consumption (most likely comprising both terrestrial and marine resources) and processing methods for the populations at Tossal de les Basses site.
The carbon and nitrogen stable isotope ratio results from Tossal de les Basses have shown that the diet from the three time periods is based on terrestrial C 3 resources. However, they also suggest some differences between them concerning marine resource consumption. Since there were no faunal remains available for analysis at the site, and in order to get a more precise picture of the previously suggested human population trends, we have compared the human values from our site with those of contemporary faunal remains from Eastern Iberia and Ibiza published (see Fig. 1 ). We found that for all three time periods the humans are overall higher in δ 15 N than the terrestrial fauna (Fig. 2) . The highest difference between human and terrestrial herbivore and omnivore δ 15 N values occurs at the Middle Neolithic phase of Tossal de les Basses and is 6.6‰ for herbivores and of 5.3‰ for omnivores (Fig. 2a) . This high δ 15 N difference, together with an increase of the human δ
13
C values of 1.5‰ compared to terrestrial herbivores and of 1.6‰ compared to omnivores, supports that this population was consuming marine resources on a regular basis (enough to be seen in adult bone collagen). In the case of the Roman population (Fig. 2b) , the δ 15 N mean difference with that of herbivores (4.7‰) and omnivores (3.3‰) is smaller and suggests no isotopic evidence of marine protein consumption. Perhaps medieval people were also consuming some marine resources, but only sporadically, since their isotope values show no clear evidence of this when compared to contemporary fauna (Fig. 2c) . In fact, the medieval population shows a similar trophic-chain pattern to the Roman one, having a δ 15 N mean difference with herbivores of 4.8‰ and with omnivores of 1.6‰. Thus, another type of dietary explanation should be considered to explain the human trend increase in both carbon and nitrogen values, perhaps the consumption of freshwater and C 4 resources together (Marin and Waines, 1994; Villegas Becerril, 2001 ) (consumption of freshwater resources could increase δ 15 N, while consumption of C 4 resources should increase δ 13 C). Moreover, diets low in carbohydrate and high in protein lead to minimal caries and elevated calculus rates (Keenleyside, 2008) . The frequency of permanent teeth affected by caries (5.4%) and medium-level of dental calculus (12%) in the Medieval group from the Tossal de les Basses recovered individuals (Laguillo et al., 2009 ) suggest that animal products made a relative high contribution to diet (Bonsall and Pickard, 2015) . Unfortunately, there are no available data from the Neolithic and Roman populations regarding oral disease.
The C. This is interesting, as in a region with no evidence of C 4 resources during the Mesolithic and Neolithic (Salazar-García, 2012) , this suggests a similar marine protein consumption as reported for the Mesolithic population in the region, but different than the exclusive terrestrial values seen for the Neolithic-Chalcolithic sites studied so far. This is of importance, because so far there is no clear marine isotopic signature seen at any Mediterranean Neolithic population, not even at sites surrounded by sea like those from the island of Malta (Richards et al., 2001) . The combination of DNA and isotopic analysis from a site in Central Germany has suggested the presence of different mitochondrial lineages linked to diverse dietary practices during the Neolithic period (Bollongino et al., 2013) , opening the possibility to further explore this possibility for Neolithic dietary patterns observed elsewhere in Europe.
On the other hand, the Roman population of Tossal de les Basses does cluster quite well with human adult individuals from the Late Roman-Byzantine site of Ibiza , as well as with the Punic sites of Can Marines, Ses Païsses de Cala d'Hort and Via Romana 47-Puig des Molins in Ibiza Salazar-García, 2011b ). All these populations, which are the only ones from Antiquity and Late Antiquity whose isotope data have been published in the region so far, have a combined (n = 143) δ 13 C mean value of − 18.6 ± 0. people from different contemporary cultures (Punics-Romans, RomansByzantine) consuming similar types of foods and having similar dietary patterns (or at least to the extent that their isotope values were similar). This apparent homogeneity in Western Mediterranean ancient populations disappears when looking at the Medieval values from the region (Alexander et al., 2015; Salazar-García et al., 2014b) , including those recorded from Tossal de les Basses. Together (n = 114) they have a δ 13 C mean value of −17.1 ± 1.2 [1σ] ‰ and a δ 15 N mean value of 11.2‰ ± 1.0 [1σ] with ranges of −19.4‰ to −13.1‰ and 8.5‰ to 13.0‰ respectively. We can see how during Medieval times, the range of δ 13 C values (6.2‰) is much higher than during the previous Antiquity and Late Antiquity times (2.0‰). This might suggest two main things. For one, it seems clear that C 4 resources were having overall a greater impact among Medieval than ancient population diets, since the wider δ 13 C range is not associated to an increase of δ 15 N. This difference could also show that dietary patterns were more varied during medieval times, perhaps due to an increase in religious differences between individuals or due to a diminishment of economic networking and social mobility (Bazzana, 1998; Guichard, 2001) . The microwear analysis conducted as part of this study focused on buccal tooth surfaces and suggests that changes in dietary abrasiveness were most likely related to food acquisition and processing methods, rather than general dietary regimes among populations examined, since high abraded enamel surfaces can be caused by factors other than dietary-related ones . However, another reason for the significant changes in dietary textures is probably due to the type of meat and agricultural products consumed.
The highly abraded microwear patterns shown by the Neolithic group resemble those observed in the Medieval population and differ from the Late Roman period individuals. These findings clearly indicate that the Neolithic and Medieval diets were composed of coarsely processed foods, which include a relatively large amount of exogenous grits that could explain the extensive microwear patterns. The presence of a high number of relatively short scratches supports the suggestion that these populations ate hard and brittle foods that required a significant amount of compression during mastication . Contrary to this, a radical reduction in abrasive particle associated with changes in both food content and preparation methods throughout Roman culture is recorded.
The effect of specific abrasive agents on buccal enamel surfaces is difficult to characterize. However, plant silica phytoliths mainly forming small microwear features remodeling microwear patterns, and exogenous grit contaminants causing dramatic micro-indentation enamel damage, even with modest biomechanical loadings, affect turn-over rates (Gügel et al., 2001; .
Botanical and zoological evidence suggests that between the Neolithic and Medieval periods there was no dramatic change in the plant and terrestrial animal species that were exploited in Eastern Iberia (Carrión-Marco, 2015; Martin, 2003) . Accordingly, these food resources should not be responsible for the observed group differences in the proportions of microwear features. However, during the Middle Neolithic period at Tossal de les Basses there was a heavy reliance on hunting (e.g. red deer and horse), as well as on the gathering of wild plants and marine resources such as mollusks (Rosser, 2010 (Rosser, , 2012 Pascual Benito, 2014) . In turn, it is likely that the human groups during the Neolithic lived an increasingly sedentary life with a reliance on domesticated plant species (e.g. Hordeum vulgare and Triticum aestivum) but a continuance in the hunting, fishing and gathering (Rosser, 2012) as the isotopic signal obtained have indicated. In contrast, during the Roman period there was a reliance mainly on terrestrial resources (Martin and Rosser, 1993; Carrión-Marco, 2015) . However, the observed change in dietary texture may also be due to technological reasons. The switch from stone mortars to wooden mortars for cereal processing in Roman times (Carrión-Marco, 2015) could introduce little or no grit contaminants into the food and therefore decrease the dietary abrasiveness of the grain ingested (Hogue and Melsheimer, 2008) . Early experimental in vivo microwear analysis show that stone-ground flour processed with a quartzite mortar or roasted meat resources introduces copious amounts of grit into the diet, leading to an increase in microwear features. Thus, different sized contaminants from stone-ground foods and marine or terrestrial meat resources could explain the variability of microwear patterns found among populations (Lalueza et al., 1996; Romero et al., 2013) . In this context, the microwear evidence on ancient populations from Eastern Iberia have found further indicates that horticultural dependency is usually associated with a more refined diet and decrease of microwear features . Specifically, microwear features from Bronze Age economies De Juan, 2007, Polo-Cerdá et al., 2007) resemble those obtained in the Late Roman population here studied. Instead, the microwear patterns found in other Neolithic and Chalcolithic groups were more similar to that displayed for the Neolithic individuals, probably due to gritty and less refined diets (Romero and De Juan, 2004 , 2007 . Moreover, archaeological data show that during historical periods, both the agricultural product support and the presence of salting factories connecting with the fishing trade, were the mainly developed economic activities at Tossal de les Basses site (Figueras Pacheco, 1959) . The extent of buccal-microwear in the Medieval cultural context could indicate high and regular consumption of grain that was heavily contaminated with abrasives from millstones and fish, eaten dried on open racks, significantly contributed to enamel indentation processes .
In summary, combining both isotope and microwear data, we have found that although terrestrial C 3 resources are the predominant part of the diet for all three periods, some slight differences can be observed between time periods at the same site and geographical location. Marine protein input in the diet was scarce in the Medieval and Roman period compared to the Neolithic. Both the Middle Neolithic and Medieval diets were probably less processed, resulting in large amount of food grits that had different physical and mechanical properties and thus could have masked changes in diet. By contrast, the Roman diet appears to be softer and contaminated more with grit-laden foods with smaller and more uniform size particles. Thereby, our findings suggest that habitat resource exploitation plays a less significant role in dietary patterns than do cultural factors affecting food technical processing methods and types of food chosen. Furthermore, our study shows the advantages of a combined approach to establish the dietary adaptations of human populations.
